~" The cases of 29 patients with cervical myelopathy, who had been treated by anterior spine fusion, were reviewed. The relationship between pre-and postoperative magnetic resonance (MR) images was investigated with special reference to increased signal intensity in the spinal cord on the Tz-weighted images and the relevance of this finding to clinical conditions. Preoperatively, there were areas of increased signal intensity in 12 patients whereas there were no areas of increased signal intensity in the other 17. The lesions were not clearly demonstrated on T~-weighted images. The pre-and postoperative clinical condition of the patients whose preoperative MR images showed areas of increased signal intensity in the spinal cord on T2-weighted images was worse than that of the patients who did not have areas of increased signal intensity. Of the 12 patients with regions of increased signal intensity preoperatively, five showed decreased signal intensity postoperatively compared to the preoperative levels and seven had no change. The postoperative recovery of the five patients who showed decreased signal intensity postoperatively was better than that of the seven patients who exhibited no change. The areas of increased MR signal in the spinal cord might be due to edema, cord gliosis, demyelination, or microcavities.
T
HERE are many reports concerning the usefulness of magnetic resonance (MR) imaging in spinal surgery, especially for syringomyelia s and spinal cord tumors/In cervical myelopathy, 2'6 several reports emphasize the value of MR imaging because of its clear depiction of disc herniation as well as compression or deformation of the spinal cord. In 1987, Takahashi, et al., 9' ~o reported areas of increased signal intensity in the spinal cord on T2-weighted images secondary to compressed cord. They thought that these findings were the result of myelomalacia from cord gliosis, demyelination, edema, and/or microcavities. In 1988, Haupts and Haan 5 described the same lesions and considered that they were caused by sheafing effects on the spinal cord.
We have also noticed areas of increased signal intensity in the spinal cord and have correlated the pre-and postoperative MR images with the clinical condition of the patient in 12 cases. We report here our findings and our speculations regarding the pathogenesis of the lesions.
Clinical Material and Methods
Between January, 1988, and February, 1989, 29 patients with cervical myelopathy were treated by anterior spine fusion in the Department of Orthopaedic Surgery, Tenri Hospital (Table 1) . Of these 29 patients, 12 had suffered cervical disc herniations, 16 cervical spondylosis, and one ossification of the posterior longitudinal ligament in the cervical region. There were 22 men and seven women, whose average age was 53.5 years (range 29 to 71 years). Of these 29 patients, 15 patients were operated on by Cloward's method, four by Smith-Robinson's method, and 10 underwent vertebral corpectomy. All patients underwent bone fusion. Their clinical condition was evaluated with the assessment scale proposed by the Japanese Orthopaedic Association (JOA) Scale (Table 2) .
Magnetic resonance examinations were performed with a 1.5-tesla superconductive magnet* and a surface * Magnetom H 15-2T 1.5-telsa superconductive magnet manufactured by Siemens, Iselin, New Jersey. * JOA = Japanese Orthopaedic Association Scale; OPLL = ossification of the posterior longitudinal ligament; CSM = cervical spondylotic myelopathy.
t Increased signal intensity on T2-weighted magnetic resonance images: + = present; -= absent; _+ = decreased; ++ = no decrease.
coil was used. Images were made in the sagittal and axial planes with short and long spin-echo (SE) sequences. The acquisition matrix of SE images was 256 • 256 pixels with two averages for short SE sequences and one average for long SE sequences. The sequence parameters were TR 600 msec/TE 15 msec for the short sequence (T,-weighted images) and TR 3000 msec/TE 90 msec for the long sequence (T2-weighted images). The slices were from 3 to 5 mm thick. All of the patients were examined by MR imaging within 1 month preoperatively and from 1 to 14 months after the operation (average 5.4 months).
We compared the patients whose MR images exhibited areas of increased signal intensity preoperatively with those whose MR images did not, and correlated these findings with their JOA Scale scores. In cases in which areas of increased signal intensity were observed preoperatively, changes in the pre-and postoperative MR and clinical conditions were examined and correlated. Statistical analysis was performed using a Student's t-test at a 5 % level of significance and an analysis of covariance.
Results

Increased Signal Intensity and Clinical Conditions
In 17 patients, there were no areas of increased signal intensity on the T2-weighted images preoperatively (Table 3). The mean JOA Scale score of those patients improved from 12.4 (range 9 to 15) preoperatively to 16.4 (range 14 to 17) postoperatively. On the other hand, increased signal intensity areas were observed on the preoperative T2-weighted images in 12 patients (Table 3). These lesions were not demonstrated on Tjweighted images. The mean JOA Scale score of those patients was 8.7 (range 5 to 1 l) preoperatively and improved to 12.0 (range 7 to 15) postoperatively.
A comparison of the pre-and postoperative JOA Scale scores between these two groups indicated that the patients who showed increased signal intensity areas on preoperative T2-weighted MR images were in a significantly worse condition than those who did not (p < 0.05). Moreover, an analysis of covariance revealed that the adjusted postoperative JOA Scale score was 15.7 in patients who did not show areas of increased * Signal intensity on T2-weighted magnetic resonance (MR) images. JOA = Japanese Orthopaedic Association Scale (see Table 2 ). Significance &difference: p < 0.05 for all score data. suffered from cervical spondylosis for a long time (mean 15.4 months).
Thus the patients with areas of increased signal intensity could be divided into two groups: one in which the signal intensity decreased postoperatively and the other in which the signal intensity did not decrease postoperatively. Comparing the JOA Scale scores of these two groups, the mean postoperative scores were not significantIy different; however, the mean postoperative score was better in those with postoperatively decreased signal intensity. signal intensity on their preoperative T2-weighted MR images as compared to 12.9 in patients whose preoperative MR images showed areas of increased signal. The difference between these two values was significant (p < 0.05). Thus, it was concluded that those whose MR images showed increased signal intensity areas on preoperative T2-weighted images were in worse clinical condition and did not recover as well as those whose MR images did not.
Ckanges in Increased Signal Intensity Areas and Clinical Conditions
We examined the change of the signal intensity in the pre-and postoperative scans of 12 patients who showed areas of increased signal intensity on preoperative T2-weighted images and compared the MR findings with their clinical conditions. In five patients the level of preoperative signal intensity decreased compared to the preoperative examinations. Their mean JOA Scale score, which was 8.4 (range 6 to 10) preoperatively, improved to 14.0 (range 13 to 15)postoperatively. Of these five patients, four had suffered cervical disc herniation for a short period (mean 3.8 months). In the other seven patients in whom postoperative signal intensity did not decrease compared to the preoperative studies, the mean JOA Scale score, which was 8.9 (range 5 to 100) preoperatively, improved to 10.6 (range 7 to 13) postoperatively. Of these seven patients, five had
Illustrative Cases
Case I8
This 29-year-old man had suffered from cervical myelopathy with symptoms of gait disturbance for 1 month (Fig. 1) . The clinical diagnosis was cervical disc herniation and preoperative MR imaging showed an area of increased signal intensity in the spinal cord corresponding to the disc herniation. This lesion was enhanced with intravenous gadolinium-diethylene triaminepenta-acetic acid (Gd-DTPA) (0.1 mmol/kg body weight) on the Trweighted image. The patient's preoperative JOA Scale score was 8. He was treated by discectomy and bone graft at C5-6 by Cloward's method. Three months after the operation, his JOA Scale score had improved to 15. Postoperative MR imaging showed a decreased signal intensity on the Toweighted image and no enhancement with Gd-DTPA on the T~-weighted image.
Case 28
This 47-year-old man had experienced cervical spondylotic myelopathy for 30 months. His preoperative JOA Scale score was 10. An area of increased signal intensity was observed on the preoperative Tz-weighted MR image (Fig. 2 upper) , corresponding to the region where preoperative myelography showed a complete block. He was treated by vertebrectomy at C-5 and by bone graft from C-4 to C-6. Four months after the There was an increased signal intensity area in the spinal cord corresponding to the disc herniation (center, arrow). This region was enhanced with Gd-DTPA (right, arrow). Lowen Postoperative MR images. The signal intensity on the T:-weighted image (center, arrou9 was lower preoperatively and there was no enhancement with Gd-DTPA. operation, his JOA Scale score had improved to 12 points but there was no change in signal intensity on the postoperative T2-weighted MR image compared to the preoperative appearance (Fig. 2 lower) . In this case the spinal cord may have sustained irreversible damage, as the patient's clinical condition did not significantly improve.
Discussion
Since the advent of MR imaging, areas of increased signal intensity are sometimes seen in the spinal cord on the T2-weighted images. Takahashi, eta[., 9" 1~ reported these lesions and speculated that they were due to myelomalacia. Haupts and Haan 5 reported the same findings and speculated that they were caused by shear stress. Sherman, et al.,s observed the same changes near regions of cervical syringomyelia and with the aid of histopathological techniques, confirmed them to be the result of gliosis. In the case of acute cervical spinal trauma, Mirvis, et al.] reported that areas of increased signal intensity were observed on T2-weighted images. They speculated that the pathogenesis was cord edema.
In 1986, Hackney, et al., 3 performed MR imaging on a lA-tesla system in rats with experimentally induced thoracic cord trauma. They correlated their MR findings with the histological changes and reported finding edema in the spinal cord where the T2-weighted images showed increased signal intensity areas. injured irreversibly by changes such as gliosis, demyelination, and microcavities in cases of cervical myelopathy due to ossification of the posterior longitudinal ligaments.
We examined the MR images in 29 patients with cervical myelopathy and noted areas of increased signal intensity on the T2-weighted images. It was found that the clinical condition was worse in patients with these findings than in those without. Areas of increased signal intensity in the spinal cord might represent cord damage as reported by Hashizume, et al. ~ In the cases where the level of signal intensity decreased postoperatively, it appears that some of the pathological changes might be reversible. Perhaps some form of circulatory disturbance had occurred in the spinal cord and, after decompression, the circulation improved. In other cases where the level of postoperative signal intensity did not decrease compared to the preoperative images, these lesions were thought to be irreversible. A variety of histological changes might occur, such as gliosis, demyelination, or microcavities. These patients had usually had their disease for a long time and did not recover fully.
